Male Sprague-Dawley rats (body weight, 217-385g) were used. The animals were given drinking water that contained 0.5, 5 and 50ppm cadmium in the form of cadmium chloride in distilled water for 3 and 6 months. Two rats were included in each group per period.
The control animals (two rats per period) were given drinking water which contained no known cadmium. On the final day of these preliminary treatments the animals were decapitated and everted sacs were prepared by the procedure described above.
Samples were incubated in a 100ml Elrenmyer flasks containing 40ml of medium to of oxygen. When 109CdCl2 was added, it was added only to the mucosal fluid. The radioactive cadmium content in samples of the serosal and mucosal solutions and its retention in the intestinal wall were determined by the same scintillation counter.
RESULTS
Experiments were carried out with simple everted sacs to determine the ratio of transport of 109-Cd through the intestinal wall and the retention of 109-Cd by the wall for different concentrations of cadmium in incubation media. In the first series of experiments, 109-Cd was initially present in the mucosal fluid only, thus, the amount transported to the serosal fluid was measured.
The transfer of 109-Cd from the mucosal to the serosal fluid is shown in Table 1 as S/M ratios.
109Cd transport was increased at all cadmium concentrations except in the control group.
There was no statistical difference between the 0.05 and 0.5ppm group. The 5ppm group was significantly higher (p<0.05) than the 0.05ppm group, and the 50ppm group was also significantly higher (p<0.01) than the 5ppm group. The higher the initial concentration of cadmium in the mucosal fluid, the greater the transfer of 109-Cd in relation of it. At an exceeded that in the mucosal fluid.
The 109-Cd retention in the intestinal wall is given in Table 2 . Results are presented as percentages of the initial mucosal fluid activity. Retention was significantly higher for the groups with added cadmium (except for the 50ppm group) than for the control group.
No difference in retention was observed in the 50ppm group when compared with the control group.
In the second series of experiments, 109-Cd was initially present in the serosal fluid of the non-everted segments, transport into the mucosal fluid was measured. In animals preliminarily treated for 6 months, the ratios of 109Cd passing into the serosal fluid were reduced only in the 50ppm group. 
DISCUSSION
The results show ( Table 1) that cadmium transport from the mucosal to the serosal side of the small intestine of the rat is substantially enhanced in the 0.05ppm group when it is compared to the control. This is especially marked for the S/M ratio in the 50ppm group, their cadmium transport being eighteen times that of the controls.
109Cd transport was not proportional to the cadmium concentration on the mucosal side, nor to the concentration of cadmium taken up by the intestinal wall.
At an initial cadmium intestinal wall, in spite of an extremely large increase in the amount of 109Cd transport into against a gradient when the initial cadmium concentration on the mucosal side was raised result of uptake by the wall from the mucosal fluid, followed by simple diffusion into the The intestinal wall of the rat appears to undergo changes in permeability caused by the cadmium concentration on the mucosal side. Mason et al.11) (1977) showed that quail exposed to 1ppm dietary cadmium for 2 days had enteropathy. Valberg et al.12) (1977) found that and shortening of the villi with pseudostratification of the epithelium. But, Loeser and Larke13) (1977) reported that rats exposed to 30ppm dietary cadmium for 3 months showed no sign of alterations in the intestines based on their histopathological investigation.
Moore et al.14) (1973) found that an increase in the concentration of cadmium resulted in more cadmium being absorbed from the gastrointestinal tract, although the amount absorbed was not proportional to the increase in concentration.
The experiments on transport of 109Cd across the intestinal wall of rats preliminarily treated with cadmium showed that the cadmium transport through and retention within the intestinal wall was reduced in comparison to that in the control rats. This suggests that the preliminary cadmium treatment induced a change in the permeability of the intestinal wall that facilitated the transmural passage of 109Cd. In a previous study of cadmium absorption in mice preliminarily treated with cadmium, we found that the absorption rates of newly administered 109Cd decreased in comparison to those of the control (unpublished data). Several features of the present work suggest that the uptake of 109Cd by the intestinal wall and the transport of 109Cd from the wall into the serosal fluid involve separate processes, and that uptake by the intestinal wall is by a mechanism of limited capacity that can be saturated at relatively low concentrations.
SUMMARY
The mechanism of cadmium absorption was studied in vitro using sacs of the small intestine of the rat. The relation between the concentration of cadmium in the mucosal fluid and the rate of transport of 109Cd to the serosal fluid showed that the higher the concentration of cadmium, the greater was the transfer of 109Cd. Wall uptake of 109Cd was limited and could be saturated at relatively low concentrations.
